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ABSTRACT 


This thesis utilizes an investment game to observe the 
behavior of several distinct participant groups and to test the 
predictive ability of alternate utility functions. The study 
analyses the responses of the groups to determine whether significant 
differences in behavior are evident. The study utilizes the 
responses to determine the degree to which alternate utility functions 
are descriptions of actual behavior. Although participant groups 
exhibited varied behavior to the investment game, all groups supported 
the predictive ability of the Logarithmic function of wealth plus 


a constant. 
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CHAPTER I 
INTRODUCTION 


The March 1972 edition of The American Economic Review 
carried an article entitled "Experimental Evidence of Alternative 
Decision Rules" which was written by M.J. Gordon, G.E. Paradis and 
C.H. Rorke. The authors were on the faculties of the University of 
Rochester, Laval University and Queen's University, respectively. 
The article reported a research study conducted as a test of alter- 
native utility functions in a situation involving the reactions of 
a group of business administration students to a game requiring 
portfolio decisions. Gordon, Paradis and Rorke point out in their 
study that although there has been considerable study of how the 
portfolio decisions of an investor should be effected under 
alternative utility functions "there has been no empirical research 


: The Gordon, Paradis and Rorke study 


on optimal portfolio policy". 
has overcome that deficiency and in so doing has opened the door to 


further research and analysis. 


This thesis is an extension of the work of Gordon, Paradis 
and Rorke and stems directly from a draft of their article, cited 
above, which was available to the author prior to publication. 


The thesis evolved from the author's concern regarding the implications 


IMg. Gordon, G.E. Paradis and C.H. Rorke, "Experimenta | 
Evidence of Alternative Decision Rules" The American Economic 
Reviews, (Val. 62, Now 1, 1972) =p. 10F- 
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of the Gordon, Paradis and Rorke research. Although empirical 
support for an optimal portfolio policy was found, the results are 
limited to responses of a test group, presumably with many similar 
psychological and sociological characteristics and presumably far 
removed from the real world decision making process. It was the 
author's belief that a logical extension of the Gordon, Paradis and 
Rorke study would be to involve a group of professional investment 
managers to determine whether their responses would differ signifi- 
cantly from MBA students and whether both would achieve a common 
optimal portfolio policy. K.H. Borch in his book The Economics of 


Uncertainty paraphrased the problem very clearly. 


"We can also construct a utility function based on a 
student's statements as to how he would decide in situations 
which could lead to losses of thousands of dollars, which 

he does not have. It is however, unlikely that this 

utility function will give us any useful information 

about the economic behavior of people with money or about 
the behavior of the student in later years when he has 

some money to lose."@ 


This position has previous support. As early as 1951, 


Mosteller and Nogee® in a series of controlled experiments found 


KH, Borch, The Economics of Uncertainty, 
(Princeton, Princeton University Press, 1968) p. 72. 
Sprederick Mosteller and Philip Nogee, "An 


Experimental Measure of Utility" The Journal of Political 
Economy, (Vol. 59, No. 5, 1951) p. 371-404. 
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Significant differences between the utility functions of a group of 


students and a group of military personnel. 


The purpose of the current study was to achieve two 


things: 


1. To replicate the Gordon, Paradis and Rorke study 
using a group of MBA students from the University of Alberta and 


to establish these results as control for further research. 


2. To add an additional dimension to the Study as a pilot 
for further research, that being the addition of a test 
group of professional investment managers to test the 
following research hypotheses. 

(i) The behavior of the test group and control group 
would be significantly different in the relationships of 
their responses to the Gordon, Paradis and Rorke investment 
game. 

(ii) The utility functions of the participant groups 


would be significantly different. 


The limited population from which to draw data in the 
immediate Edmonton area presented a problem to the author in assessing 
the statistical significance of the potential results. In light of 
this two additional participant groups were selected which related to 
the test and control groups by educational background and relative 
station in life. A group of second year undergraduate students in 
the Department of Business Administration was selected as one partici- 
pant group. A group of Professors of Finance/Economics in the 


Department of Business Administration was selected as the second group. 
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The conclusions of the thesis verified the need for further 
research into the behavioral implications of the Gordon, Paradis and 
Rorke study. In replicating the Gordon, Paradis and Rorke study, 
significant differences in responses were observed between their test 
group and the control group of this study. The control group did 
however support the general analysis of alternative utility functions 


of the previous test group. 


The inclusion of several participant groups provided strong 
evidence for acceptance of both hypotheses stated earlier for some 
groups,while results led to the rejection of the hypotheses in others. 
The predictive power of the logarithmic utility function plus a constant 


was strongly supported in all cases. 


Paul Slovic a noted researcher in the field of psychology 
paraphrases the essence of what the conclusions indicate; "risk taking 
behavior appears to be multidimensional in nature. It has substantial 
subjective components and is susceptible to a variety of motivational 
and other influences. Research attempting to establish the validity 
and consistency of risk taking measures has generally neglected 


these tegen 


4p. Slovic "Assessment of Risk Taking Behavior," 


Psychological Bulletin, (Vol. 61, No. 3, 964) pse230% 
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CHAPTER II 
THEORETICAL FRAMEWORK OF STUDY 


The thesis and the research of Gordon, Paradis and Rorke 
center on an attempt to rationalize actual behavior, within a 
portfolio decision making framework, with alternative utility 
functions. Portfolio theory provides a normative approach to the 
selection of optimal portfolio given a series of plausible assumptions. 
The alternate utility functions provide a quantitative means of 


describing actual behavior.. 


Portfolio theory although only recently accepted has taken 
many years to formulate. As early as Adam Smith, economists had 
accepted the notion of expected value as a criterion for decision 
making under risky conditions. Irving Fisher! later suggested that 
the risk of an option was in some way related to the dispersion or 


variance of its outcomes. 


Harry Markowitz? formulated a theory of portfolio selection 
concerning investment decisions under conditions of risk. The 
Markowitz model hypothesised that optimal portfolios of securities 


could be identified by analyzing the securities on the basis of their 


Linving Fisher, The Nature of Capital and Income, 
(New York: The Macmillan Company, 1923) 


eu OM. Markowitz, Portfolio Selection: Efficient 


Diversification of Investments (New York: John Wilex and 


Sons, 1959 
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expected value, standard deviations and correlation coefficients. 
The Markowitz model implied that the optimal portfolio could be 
determined by finding a point on a line joining all optimal portfolios 


which maximized the investor's utility. 


William Sharpe> and others expanded the work of Markowitz 
to show that given the rate of return on a risk free security, an 
optimal combination of risky securities could be determined regardless 
of utility considerations. The selection of an optimal portfolio for 
a particular individual was reduced to the allocation of wealth 


between the risky portfolio and a risk free security. 


Research into the analysis of alternative utility functions 
has an equally long history. Daniel Bernoulli was the first to formu- 
late a theory of utility. Bernoulli observed two critical deviations 
from classical expected value determination of risky decision making. 

He noted that an individual's wealth affected his desire to accept 
risks. Bernoulli attributed this to a misconception of the meaning 

of wealth, stating that value must be related to utility not price. 
Secondly, Bernoulli observed deviations in decisions from those 
anticipated based on expected value. To rationalize these observations, 
Bernoulli hypothesised a utility function; the netitonsnts which he 


suggested was a logarithmic function. 


S 


William F. Sharpe, Portfolio Theory and Capital Markets, 
(New York: McGraw Hill Book Co. 1970) 

qyaniel Bernoulli, Exposition of a New Theory on the 
Measurement of Risk, (Gregg Press, 1967) 
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John von Neumann and Oskar Morgenstern” proved mathematical- 
ly the existence of utility measurable on an interval scale for an 
individual satisfying certain axioms. Friedman and Savage® attempted 
to provide a crude empirical test of the von Neumann and Morgenstern 
findings, by observing behavior of individuals choosing among risky 
alternatives. The authors' observations were entirely consistent with 
the earlier hypothesis, if a rather special shape was given to the total 


utility curve of money. 


Mosteller and Nogee’ expanded on the Friedman and Savage work 
and made the first attempt to measure utility with controlled experiment- 
ation. Their research was conducted utilizing college undergraduates 
and members of the United States National Guard as subjects. Although 
the subjects lacked consistency in their choices, the theory based on 


the original Bernoulli function had considerable predictive power. 


Numerous authors have explored the implications of alter- 
native utility functions and their implications for an investor's 
portfolio decisions; the work of Hakansson, Latane and Tuttle, Freimer 


and Gordon, Neave, and Yaari has been cited in the Gordon, Paradis and 


an von Neumann and 0. Morgenstern, Theory of Games 
and Economic Behavior, (Princeton: Princeton University Press, 1944) 


Ou, Friedman and L.J. Savage, "The Utility Analysis of 


Choices Involving Risk", Journal of Political Economy, CVONRESS* 
No. 4, 1948) p. 279-304. $ 


ie Mosteller and P. Nogee, "An Experimental Measurement 


of Utility", The Journal of Political Economy, (Vol. 59, No. 5, 
1951) p. 371-404. 
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Rorke paper. 


There has been considerable literature in the area of 
social and mathematical psychology which relates directly and indirect- 


ly to the Gordon, Paradis and Rorke study. 


Nathan Kogan and M.A. Wallach® in a major research study 
determined that the various cognitive judgemental behaviors (i.e. 
general confidence of judgement, breadth of categorizing, extremity 
concerning judgements about external events and extremity concerning 
selfreferent judgements) do possess risk-conservatism implications for 


particular subgroups of individuals. 


Scodel, Ratoosh and Minas,” studying risk taking in a 
gambling situation determined that intelligence was related to the 
variability of risk taking. The authors also found need achievement 


and fear of failure to influence significantly the type of gamble selected. 


10 


Y. Rim ina series of studies found that radicalism and 


extroversion were significant factors influencing risky decisions 


particularly in group situations. 


BNathan Kogan and M.A. Wallach, Risk Taking: A Study in 


Coanition and Personality, (New York: Holt, Rinehart and Winston, 
1967) p. 199 


=f Scodel, P. Ratoosh and J.S. Minas, "Some Personality 
Correlates of Decision Making under Conditions of Risk", Behavioral 
Science, (Vol. 3-4, 1958-59), p. 2é 


ay Rim, "Social Attitudes and Risk Taking,” Human 


Relations, (Vol. 17, No. 3, 1964) p. 259-265. : me 
Y. Rim, "Personality and Group Decisions Involving Risk", 


Psychological Record, (Vol. 14, No. 1, 1964) p. 37-45. 
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Paul Slovict? in a study of gambling situations found 
that decision strategies differed depending on whether gains and losses 
were real or hypothetical. When subjects were not committed to the 
consequences of their actions, they tended to maximize gain and 
discount potential hypothetical losses. When subjects knew the 
gambles were real, they were more cautious, preferring relatively 
higher probability of winning, lower probability of losing and lower 


potential losses. 


Pollatsek and Twersky-© provide a quantitative explication 
of the concept of risk in the form of a psychological theory and 
conclude that under certain assumptions, the risk of an option is a 
linear combination of its mean and variance. Coombs and Pruitt’? 
stated that a gamble can be characterized by the expectation, variance 
and skewness of its probability density distribution cover money. 

While subjects always prefer more expectation to less, he may have a 


utility for risk which will exhibit itself as a preference for certain 


amounts of variance and skewness. 


Hh, Slovic, "Real vs. Hypothetical Payoffs in Choices 
of Gambles", Journal of Experimental Psychology, (Vol. 80, 1969) 


ten oiatsek and Tversky, "A Thoery of Risk", Journal of 
Mathematical Psychology, (Vol. 7, 1970) p. 540-553. 


13 coombs and Pruitts, "Components of Risk in Decision 


Making", Journal of Experimental Psychology,(Vol. 40, No. 2, 1967) 
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The vast majority of the research in the area on psycho logy 
supports the complexity of risk taking behavior and underlies the 
potential wide variations in responses to risk taking situations 
depending on a host of psychological variables. In light of these 
research studies, it was felt there could exist amongst participant 
groups wide variations in their responses to similar situations involving 
risky decisions and in fact could result in significantly different 


utility functions. 
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CHAPTER III 
METHODOLOGY 
Research Strategy 


The Research strategy comprised defining three broad 


stages of the thesis: 
1. Conceptual Stage. 
2. Implementation Stage. 


3. Analysis and Conclusion Stage. 


1. Conceptual Stage 
This initial stage consisted of the following components. 
(1) Conceptual statement of Problem. 
(ii) Detailed review of the Gordon, Paradis and Rorke 
study which was available to the author in draft form. 
(iii) Review of literature relating to the problem statement. 
(iv) Detailed formulation of purpose and hypotheses to be 


tested. 


(dip Implementation Stage 
This secondary stage consisted of the following components. 
(i) Construction of an investment game based upon 


information from the Gordon paper. 


The game was designed from descriptions of the game in the 
Gordon, Paradis and Rorke paper. An aspect which was not carried 


through in this thesis was the attempt by the previous authors to 
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provide an imaginery setting in which the participants were to imagine 
themselves while participating in the game. This aspect is further 
expanded upon under the heading "Research Techniques". It was felt 

by the author that this approach might lead to adverse reaction from 
some participants, notably those professional investment managers. 

The game was distributed by hand or by mail with a covering letter 
describing the purpose of the game and the procedures to be followed 

in completing it. It was the author's belief that distribution in this 
manner would allow participants maximum freedom to complete the game 


and anonymity in returning the completed forms. 


(ii) Selection of Participants 

The control group was selected as the class of first year 
MBA students at the University of Alberta. The tests were conducted 
after a half year of classes where the students had been through 
courses in basic statistics and were beginning an introductory course 
in Finance and had been exposed to Cost of Capital determination and 
had an introduction to portfolio theory. As the studies were conducted 
independently, no attempt to pair participants was made. The control 
group was necessitated due to possible deviations between the two 


research studies. 


The main test group was selected from professional investment 
managers within the City of Edmonton. The author contacted managers 
of local mutual funds, collective mutual funds, speculative mutual 
funds, local institutional and government investment trust and 
pension funds, local trust company security portfolios, local mortgage 


companies and local banks. The author had previously interviewed a 
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number of the participants in an earlier class project. The education- 
al background of the participants varied considerably although this 
information was not specifically requested. The type of portfolio 
managed varied from predominantly bonds or mortgages to predominantly 
more speculative securities. The common thread amongst the partici- 
pants was that their primary function involved the investing of large 


amounts of other people's money in alternate risky assets. 


The two test groups which were added to the study consisted 
of an undergraduate class of second year students in Business 
Administration and a group of professors of Finance/Business Economics 
within the Faculty of Business Administration, all from the University 


of Alberta at Edmonton. 


The undergraduate students were selected because they had 
been exposed to introductory courses in economics and statistics 
sufficiently to appreciate some of the basic concepts underlying 
the investment game. It was the author's belief that due to their 
limited educational background and limited permanent work experience 
in relation to the MBA students, the undergraduates would represent 


a distinctive group in their responses to the investment game. 


The group of professors were all Ph. D's in Finance or 
Economics. It was the author's belief that their more advanced 
educational background and their working knowledge of the concepts 


underlying the investment game would result in distinctive responses 


to the game. 


fon “ie 
wn = 


unite se er _ we been a0 a 
se pee Pn NDNA na 270% 98 Teele ie teunrg 


=a ae a) ae 


a . a 
7. a ¥ o — 7 a a 7 iw 208 
— : pi 7 -* F s-506 
: oJ te> 9 a) sey <st : Je) — 
an : - - : : : 
a Vilar yee) 23 ' Gamer: ; bn oligeees @t! & ste & 
oe = 
> tum 4 Ss j sud 7) 
i oa F) ‘ 7.44 jon 
i ¥ ® 
- - ° : ) n » wen on ie roa ne - 
T b) 
we _ - ‘ ; - i“ - r a 
7 : a 
a see : 
r ery rr 
' 
; ‘ : aéj AHS 
_ 
ucts 
——— 
© - 
: = ’ : 2 
—— : 7 iy wal 7" 
sins Seer bs nai 
+ o : ee ke faite 


( a es eA mst = ae 


Pee een rere 


hey Vesa oil So Gas mes Chal? Gy erp aviscntset 
~—e | 
1a = 2) > : - 2 f 7 y es 7 7 7 a w a 7 - >, 2 : | 
- —_ _ . } 
; Z i > A 4 - 
_ my7o4 gle as cake: Sia Ori ~ ) ie 


_ _ 7 _ ae | _ 7 ia 
Ts 6c oon i oy eens vine : s we wre ‘a> 


7 : 1/ : ca _ > 7 _ 

womapagy avi pbativiv a? stv ih ans ahead oe ph ham 
4; ; _ . ot oth oo 

+ 


(iii) Implementation of Game 


The preliminary contact with the majority of investment 
managers was by way of interview as described earlier. The investment 
game was distributed to the investment managers by mail with a 
covering letter outlining the basic purpose of the study and 
instructions on how to complete and return the game. A self addressed 
and stamped, return envelope was provided. The participants were 
requested to complete the exercise at their convenience; however, 


a two week limit was suggested. 


The investment game was distributed by hand to the other 
groups and all were given identical instructions to those the 


managers had received. 


The implementation of the game provided basic differences 
from the Gordon, Paradis and Rorke study. Firstly, it was not 
believed practical to replicate the method utilized by Gordon, Paradis 
and Rorke. Secondly, by providing participants with the game 
individually, the author believed would ensure a more real life type 
of response and help minimize the amount of collusion amongst 
responses. It must also be recognized that there may be some bias 
between studies, as the author did not have the same control over 
ensuring a total response. It was the author's belief that these 
alterations related exclusively to implementation and would not 


significantly effect the desired type of response from the participants. 


(iv) Collection and Transformation of Data 


The responses were collected on a totally voluntary basis 
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by way of self addressed envelopes; and deposit at a central location 
by individuals at the University. The raw data to be utilized in the 
analysis was segregated from the body of the investment game and 


collated into groupings applicable to various stages of analysis. 


In reviewing the raw data, it was decided to completely 
disregard the results of the eleventh period for all participant 
groups for two reasons. Firstly, several participants indicated 
that their responses to the last period were not realistic because they 
chose to gamble "the works". Secondly, the Gordon, Paradis and Rorke 
group were not told when their participation in the game would cease; 
by dropping the final period it was believed would result in a more 


comparable relationship between the studies. 


For anaes and comparison of the behavior of the 
participants, the data was transformed into groupings which correspond- 
ed to those of the Gordon, Paradis and Rorke study. For analysis of 
alternative utility functions, the data was transferred to key 
punched cards for a computer regression analysis. The analysis is 


further detailed in Chapter IV. 
3. Analysis and Conclusion Stage 


This tertiary stage consisted of the following: 
(i) Analysis of data. 
(ii) Conclusions. 


This stage is described and expanded upon in Chapters IV 


and V. 
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Research Techniques 
1. Investment Game 


The basic research technique employed was an investment 
game for the collection of data. The game was patterned after one 


used by Gordon, Paradis and Rorke in their research. 


The Gordon, Paradis and Rorke game Aipotu (Utopia spelled 
backwards) centers around a fictious nation Aipotu where an individuals' 
only source of income is his wealth. Periodically Aipotuans make 
decisions regarding the level of consumption desired during the - 
period as well as the size and type of investment to be made during 
the period. Investment decisions involve the selection of one of five 
possible investments each yielding different possible returns and 


with varying degrees of dispersion. 


Investment Alternatives in Aipotu 


Payoffs Probability 
Gamble 
Number Red Black Red Black 
] pale su $ .80 cas) 
2 Ti 50 70 5 5 
3 1.90 40 5 5 
4 2.50 00 a0 AS 
5 100.00 .00 .005 -995 


Borrowing is allowed in the game without charge; 
however, it can only be used for investment and must be repaid 


immediately upon the outcome of the gamble. Aipotuans are not 
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allowed to have negative levels of wealth at any time and hence 
borrowing is limited to WxB + (-B) (where W represents wealth and 


B represents the lower possible outcome of the investment). 


Consumption involves a choice between expenditures of 
$5,000 (which provides bare necessities) $10,000 (which provides 
a comfortable standard of living) and $20,000 (which provides for 
luxury). Aipotuans must always consume at one of these levels 
each period unless their wealth falls to zero at which time they 
receive welfare payments of $3300. $3000 of this payment must go 


for consumption and $300 can be used for investment. 


Each participant in the Gordon, Paradis and Rorke study 
was given an initial wealth between $110,000 and $190,000 and 
attempted to accumulate enough wealth to provide his family with an 


adequate endowment for living in Aipotu. 


Of the five alternative gambles available the fifth 
was simply a lottery to detect the presence of risk lovers. The 
other four were all profitable although gamble two provided a lower 
degree of risk per dollar invested than the other three which were 
constant. For any conceivable outcome there was an investment involving 
gamble two and some degree of borrowing which would yield the same 


average return while assuming a lower level of risk. 


The author adopted several modifications to the Gordon, 
Paradis and Rorke game which apply more to the mechanics than to the 


underlying concepts of the game. 


(i) As described earlier the method of implementing the game 
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18 
was altered for the reasons previously outlined. 


(iin) There was no reference to an imaginery setting as it 
was believed that this might jeoprodize the credibility participants 
placed in the game, particularly the managers. Participants were 
requested to react as though the game represented a real life 
Situation. 

(iii) Each participant was provided with an initial wealth 
of $150,000 for simplicity. The only plausible reason for varying 
the initial level of wealth would be to ensure a greater number of 
responses within each wealth class. 

(iv) As described earlier, due to the nature of implementation 
the results of the last period were disregarded. 

(v) Due to the nature of implementation, an unbiased means 
was provided for determining the outcome of gambles. Gordon, Paradis 
and Rorke handled this aspect by the flip of a coin under supervised 
conditions. The author handled the situation in the following 
manner: 

Two outcomes "R" (favorable) and "B" (unfavorable) were 
placed on the games sheets. A self adhesive tab was 

placed over each outcome prior to the game being distribut- 
ed. The participant lifted one tab only, to determine his 
success. The letters "B" and "R" were placed on successive 
sheets based upon a random distribution and the distribution 
was unique for each game. The lottery was constructed by 
placing a random number between 0 to 200 beneath a tab and 
requesting the participant to write down a number between 

0 to 200 prior to lifting the tab. Although this method 


left some room for cheating, none of the participants won on 
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the lottery, confirming the fairness of their partici- 


pation. 


Statistical Analysis Employed 


1. Behavior of the Participants 


The groups were observed to study the relationship between 
wealth levels and risk taking. More specifically the relationship 
between consumption/investment decision and wealth level was explored. 
Within the investment decision, gamble preferences were studied. No 
attempt was made in the design of the study, to attempt to rational- 
ize various strategies. The relative small sizes of the participant 
groups and the nature of the data resulted in employing two basic 
means of analysis neither of which lead to strong statistical 


conclusions. 


(i) Gamble preferences 
The x? test of two independent samples! was utilized to 
determine whether significant differences existed in the participants' 
choices of gamble. The x? test requires no specific assumptions about 
the groups and thus the statistical inference relates to whether 


groups differ between themselves in any manner. 


Null Hypothesis Ho: Py = Po 
j.e. There is no difference between the probability that the control 


group will select gamble two and that the test group will select 


1 


Sidney Siegel, Nonparpametric Statistics for the Behavioral 
Sciences, (New York: McGraw-Hill Book Company, 1956) p. 104-111. 
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gamble two. 


Gale N(LAD-BCL-N/2) 2 df = 1 
(A+B) (C+D) (A+C) (B+D) 
te ee Gamble Two Others Total 
Control Group A B A+B 
Test Group é D GernD 
Total A+C Be+eD N 


A, B, C and D are observed frequencies relating to the 
group and the gamble selected. The test relates to whether the 
observed frequencies in the 2x2 contingency table could have 


occurred under Ho. 


(ii) Relationship of Consumption Decision and Wealth Level 


The function mean G/W versus wealth level was plotted 
based upon the aggregated results of all participant groups. For 
comparison purposes, the results of the Gordon, Paradis and Rorke 


were plotted on the same graph. 


(iii) Realtionship of Investment Decision and Wealth Level 
The function mean G/W-C versus W-C was plotted for each 
gamble to observe the relative behaviors of each participant group. 
The results for each gamble were plotted to increase the credibility 


of the relative configurations of the functions for each group. 


The function mean G/W-C versus W-C was plotted for each 


participant group to observe how the particular gamble selected affected 


the responses. 
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NOTE - Where mean G/W-C equals the value of investment during 
the period divided by net wealth after consumption for the specific 


Wealth Class. 


2. Analysis of Alternative Utility Functions 
(i) Predictive Ability of Alternate Functions 
Five basic utility functions were analyzed using data 
generated from the investment game. The functions analyzed were 
those detailed in the unpublished draft of Gordon, Paradis and Rorke. 
(a) The first function was one in which utility is a 


quadratic function of wealth. The expected value of utility is: 


EU) =2PjWjt+a © PING 
2 


Where Pj = probability that wealth is Wj 
a < 0 implying risk aversion. 


(b) The second function, the Bernoulli Logarithmic 
function referred to earlier, differs from the quadratic function 
in the level of investment is independent of the participants 
personality. The expected value of utility is a Logarithmic function 


of wealth. 
ECU) Gia 2. 60a) 


(c) The third function referred to is the power function 


is of the form 5 
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Where gimplying risk aversion is constrained by 
Oxegen ls 
It should be noted that the logarithmic function is a 


special case of the power function where 6 equals zero. 


(d) The fourth function common in decision theory is 


the exponential function of the form. 


W 

E(U}i= spa (le) 

Where C = Positive constant 
e = Exponential factor 


In their final draft published following the completion of 
the analysis of this thesis, Gordon, Paradis and Rorke substituted 
a different function in place of the exponential function. Under 
the Pratt impiications an adjusted power function had more plausible 


appeal than the exponential function. 
, ees 
jee.  E(U) = £5 pg(W5tk) 


(e) The fifth function analyzed has been designated as 
the logarithmic plus a constant function of the form. 
E(U) = =1n (W+tk) 


Where k = some arbitrary constant 


In investigating the Pratt implications of the various 
utility functions, Gordon, Paradis and Rorke found intuitive support 


for this function. 


The analysis of the functions was conducted utilizing a 
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statistical program of least squares regression. The regression analysis 
was performed using the "ECON" program developed by M.R. Norman at the 
Wharton School of Finance and Commerce, the University of Pennsylvania 
and revised by Elizabeth B. Iwan from Cornel] University. The "ECON" 
program provides estimates of the parameters of single-equation models 

by the method of least squares, and includes estimates of various 


related statistics. The basic output utilized in this study was: 


a. Mean and standard deviation of variables. 

b. Estimated regression coefficients. 

c. Standard error of coefficient. 

d. Estimate of intercept and its standard error. 


e. R-squared coefficient. 


The mean and standard deviation of variables are utilized in 
the general overview of data following in Chapter IV. The regression 
coefficients and standard errors are utilized in the comparison 
of the characteristics of the participant groups for specified utility 


functions. 


(ii) Pratt Implications 
Pratt proposed a system for classifying utility functions 
according to their degree of risk aversion. 
"Tf the amount invested in the risky asset increases 
(decreases) with wealth, the investor has decreasing 
(increasing) absolute risk aversion. If the fraction of 
wealth invested in the risky asset increases (decreases) 


with wealth, the investor has decreasing (increasing) 
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relative risk evereTonel 


Pratt's Classification of Utility of Wealth Functions.° 
Absolute Risk Relative Risk 
Aversion Aversion 
Quadratic ' increasing increasing 
Logarithmic decreasing increasing 
Power decreasing constant 
Exponential constant decreasing 
Logarithmic (wtk) decreasing increasing 


(iii) Comparison of Participant Group Responses to Individual 

Functions. | 
The participant groups were compared by their regression 

coefficients generated from the analysis of each utility anne taie 
The analysis of the groups was achieved by applying the y* approxi- 
mation of the Fisher Test to the regression coefficients of the control 
and test group. The basis of the test is as follows: 
Null Hypothesis 
ales There is no difference between the regression coefficients 
of utility functions representing the responses of the control group 
and the regression coefficients representing the responses of the test 
group for alternate utility functions (and thus no difference in the 


utility preferences of the groups). 


oud. Gordon, G.E. Paradis and C.H. Rorke, Experimental 
Evidence on Alternative Portfolio Decisions Rules, unpublished, p. 25 


Sibid., p. 25 


—_——_— 


7 ea nat aa . : elt. @etoee 7 a 
| __ site ; ea a Tree 


— 
a oe _ 
ee) a ee 
. - ee 
4! we 06 . : : By von * 7 . - 7 : pe mary 
- _ 
facia? wis 2) ae a 
ae O %, a? bea! a | 
gol 7 is ’ - i/ a 
a 
’ ba i : : f } . 
. 7 
s - : a 
- sd f _ 
- - 7 _ 
ie” is, bpd GMAT Mh Ota mese, satan 
; 7 - 
; 9 : e 7 ad te ip: te cg 
7 
‘ J t we. i — a7 : ai MA Y og ne coke “— 
7 : - 
: ee : > 2 es 
‘4 ‘ay ta. 2 2ace 4 _ oT) ong Hind oe 
: 7 elem ea: r 
a = L { ; -_ 
sé h if FPS 0G 502 LFIweer K : ; is b i i abet im. 
5A 2 y 7 7 e 
fictey  foyseucy Gai Pe ‘ena sl ilk a aL te} , aa sp? ‘ hes 
: i re - By 
f ay i nA “i PO BILDS§ > il ~e am ~~ 


i? (ui eT ip wit i a) One y ray } ide a - | 
* wa "a re a) 


a) ya benenasitens thts 


to 


de 


Stdtistical Test 
T T 
bit = nie Siee y= zc (bay - by*) 
t=t t=1 
LE Sys th 
y it 
t=1 
Yas ve rabeig = T-l 
Where bey = regression coefficients 
Sag = standard error of coefficients 


The R-squared coefficient was utilized to determine whether 
any of the alternate utility functions exhibited a high degree of pre- 
dictive power for investor behavior for the groups tested. The 
R-squared coefficient is an estimate of the percentage of the test 


data which is explainable by the function being analyzed. 


Se wnence Fisher "Determinants of Risk Premiums" Journal 


of Political Economy, (Vol. 67, No. 3, 7959) co. 220: 
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CHAPTER IV 


SUMMARY AND ANALYSIS OF DATA 


The data has been segmented into two areas of analysis: 
the behavior of the participants and the analysis of alternative 


utility functions. 


Behavior of the Participants 
The behavior of participants was analyzed within four 
categories. 
1. Overview of data and general relationships of data within 
participant groups. 
2. Analysis of gamble preferences. 
3. Analysis of relationship of consumption decision to 
wealth level. 
4. Analysis of relationship of investment decision to disposable 


wealth level. 


1. Overview and General Relationships of Data. 

The data summarized in Table 4-1 has been presented as a 
general overview of some of the basic results of the responses. In 
reviewing these results, considerable care must be taken not to 
draw conclusions without consideration of various related factors. For 
example, the relationship of Mean G/W might lead to the conclusion that 
undergraduates invest a lower percentage of their wealth because they 


are more risk averse than other groups. Although the observation is 
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correct the cause is certainly not obvious. The mean level of 
wealth at the beginning of each period was generally higher for 
undergraduates which would yield generally smaller values of G/W 

if one believes that relative level of investment declines with 
increasing wealth. Undergraduates also tended to choose gambles with 
higher variances and thus higher potential rates of return which 
intuitively might explain lower values of G/W if one believes that 
the level of investment decreases with increasing variance of the 


gamble. 


It is of interest to note that those participants who 
utilized borrowing did so apacelennaaety when selected gamble two. 
This observation lends some support to the belief that those 
participants selecting gamble two did so because of their understand- 
ing of its relative superiority. As outlined earlier for any outcome 
resulting from an investment there is an investment in gamble two 
combined with borrowing/lending which yields an identical return 
with a smaller variance. 

e.g. (i) Invest $100,000 in gamble four 
Expected return = 2.50(100,000) + 2 = $125,000 
Variance = 1.0 
Cit) By investing $100,000 in gamble two and borrowing 
$150,000 the same expected return can be achieved with 
a smaller variance. 
Expected return =[1.50(250,000) - 150,000 + 
.70(250,000) - 150,000}+ 2 = 
[$225,000 + $25,000] + 2 = $125,000 


Variance = 0.8 
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OVERVIEW OF DATA Table 4-1 


CONTROL 
GROUP 


TEST GROUPS 


INVESTMENT UNDER- 
MANAGERS GRADUATES PROFESSORS 


Number of Participants Contacted Ws 21 30 17 
Number of Participants Responding ihe 9 2] 9 
Mean Level of Wealth At End of 

Ten Periods 284 ,000 370,000 258 ,000 102,000 
Mean Level of Wealth At Start of 

Each Period (W) 174,000 174,000 198 ,000 131,000 
Mean Level of Consumption (C) 10,600 8,500 12e100 11,600 
Mean C/Mean W 961 .049 .061 .089 
Mean (W-C) 162,700 Leancoe 171,800 119,100 
St. Deviation (W-C) 124,500 162,600 154,500 67,300 
Mean Level of Investment (G) 137,000 90,000 62,000 71,000 
Mean (G/W) . 764 589 eo .590 
Mean Expected Rate of Return 

Based on Gambles Selected Aas . 104 males! «145 
Mean Level of Borrowing 94 ,500 54,500 7145500 47,500 
Percent of Periods Borrowing 

Was Utilized oN WA .08 Sikes 
Number of Periods Borrowing 

Was Utilized - Gamble 2 17 eS ] 14 
Number of Periods Borrowing 

Was Utilized - Other 23 4 15 -- 
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2. Analysis of Gamble Preferences 

The responses summarized in Table 4-2 make one aspect 
immediately clear. In relation to their recognition of gamble 2 
as a superior alternative, very significant differences amongst the 
groups and the Gordon study group were exhibited. Although most 
participants recognized and reacted to dispersion and expected value 
considerations, very few attempted any explicit determination of the 
relative desirability of the alternate gambles. The only conclusion 
which can be drawn from the deviation in responses between the two 
study groups is that some external stimulus led the Gordon, Paradis 
and Rorke study group to carry out calculations of the relationship 


of rate of return and standard deviation. 


A somewhat surprising result was the high frequency with 
which investment managers chose gamble two, relative to other 
participant groups. The frequency with which investment managers 
selected gamble two was sufficiently high to yield statistical 
differences amongst the participant groups of the thesis. The 
frequency was not however high enough to relate statistically with 
the results of the Gordon, Paradis and Rorke study. One might suppose 
that business managers have some intuitive ability to follow wealth 
maximizing precepts based upon experience or resulting from survival 


in the market place. 


To determine whether significant differences existed 
amongst the groups in their gamble preferences, the groups were 
analyzed utilizing the x*test based upon the groups choice or non- 


choice of gamble two. A stronger test would have analyzed their 
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Table 4-2 
GAMBLE PREFERENCES 
PERCENT OF TIME CHOOSING ALTERNATE GAMBLES 
] 2 3 4 5 


PARTICIPANT 


GROUP 
MBA's: 278 238 254 215 015 
(130) (36) (31) (33) (28) (2) 
INVESTMENT MANAGERS 067 500 145 255 033 
(90) (6) (45) (13) (23) (3) 
UNDERGRADUATES 072 224 ey) 338 009 
(210) (15) (47) (75) (71) (2) 
PROFESSORS 200 a2 .106 322 0 
(90) (18) (28) (15) (29) (0) 
GORDON, PARADIS AND 027 677 054 208 029 


RORKE (372) 


NUMBER OF PERIODS CHOOSING ALTERNATE 2 
VERSUS OTHER ALTERNATES 


GAMBLE 


GAMBLE 
2 OTHER 


PARTICIPANT 


GROUP 
MBA's 31 2!) 
INVESTMENT MANAGERS 45 45 
UNDERGRADUATES 47 103 
PROFESSORS 28 62 


GORDON, PARADIS AND RORKE eo 119 
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reactions to all gambles; however, it was the author's belief that 
this might have yielded biased results. Firstly, a participant's 
choice of gambles would be profoundly effected by his ability to 
discover the relative superiority of gamble two. Secondly, it appeared 
intuitively plausible that a participants selection of gamble might be 
influenced by his level of wealth, and it has been pointed out that 

the mean level of wealth for the various groups differed. The details 


of analysis are as follows: 


(a) Null Hypothesis 
HO: There is no difference in the behavior of the control 
group and the test group as reflected in their selection of type of 
gamble. 


Hy: The behaviors are different. 


(b) Statistical Test! 


The y? test for two independent samples was chosen because 
the two groups are independent and the data under study are frequencies 


in discrete categories. 


x2 =~ _N(JAD-BC}-N/2)? 
A+B) (C+D) (A+C) (B+D 
This is a test of whether an observed breakdown of frequencies 


in a 2x2 contingency table could have occurred under Ho. 


Gamble No. 2 Others Total 
Control Group A B A+B 
Test Group C D Card 
Total AG Bert N 


Isiegel Op. Cit. p. 107 
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(c) Significance Level 
Due to the small sample sizes involved in the study a 


significance level of twenty percent was chosen. 


(d) Region of Rejection 

The region of rejection consists of all values of 
which are so large that the probability associated with their 
occurrence is equal to or less than a = .20. Table C in Siegel 


indicates a region of rejection of all y> 1.64 


(e) Decision 


(st) x* Investment Managers versus MBA's. 
Xe = 14,95 

Ci) x? Undergraduates versus MBA's. 
Lees = FUS2 


(iii) x? Professors versus MBA's. 


ee 

(iv) x? Gordon, Paradis and Rorke versus MBA's. 
Ngee eesbda67 

(v) y? Gordon, Paradis and Rorke versus Managers. 
cate Geedate 


The behavior of investment managers and MBA's in their 
selection of gambles was significantly different. The behavior of 


all participant groups was significantly different from the Gordon, 


Paradis and Rorke test group. 


3. Analysis of Relationships of Consumption Decision and Wealth Level. 
The wealth position at the start of each period and the 


consumption for the period were segregated into intervals of wealth 
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in a like manner to those outlined in the Gordon, Paradis and Rorke 
study. The value of consumption divided by wealth level was determined 
for each period and the mean of all values was determined for each 
interval. The results have been summarized in Graph 4-1 along with 


the Gordon, Paradis and Rorke study results for comparison purposes. 


Although the two groups have a close correlation, the 
results are significantly different in that the Gordon, Paradis and 
Rorke results show an almost constantly smaller relationship. The 
results could reflect a difference in the test itself or in fact that 
the groups were drawn from different populations. It is the author's 
belief that both factors influenced the outcomes significantly. It is 
becoming increasingly evident that the participant groups do reflect 
different populations. The wide variations in responses between the 
Control group and the Gordon, Paradis and Rorke group provide strong 
support for the belief that the tests themselves were significantly 


different. 


4. Analysis of Relationship of Investment Decision and Disposable 
Wealth Level. 

The Wealth position after consumption and the level of 
investment for each period were put through the same transformation 
as described immediately above. The results were analyzed in the 


series of graphs which follows. (Graph 4-2 to Graph 4-9) 


A graph representing all four participant group was drawn 
for each gamble to remove possible effects of the selection of alternate 
gambles. i.e. A participant might react entirely differently in 


his investment decision if he selected gamble one as opposed to gamble 
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four. 


A graph representing all four gambles was drawn for each 
participant group to reflect these differing responses asa result of 
the gamble selected. The data for the groups based on responses to 
gamble number two, was plotted against the Gordon, Paradis and Rorke 


results as the only data available for comparison. 


_ The relationships summarized in Graph 4-2 were quite dramatic 
in relation to those anticipated based upon the Gordon, Paradis and Rorke 
study group. The Gordon, Paradis and Rorke results indicate a 
function which is downward sloping to the right but at a decreasing 


rate. 


The responses of Group 1 (Control group / MBA students) 
indicated a function which decreased to a minimum at wealth class 


$150,000 to $175,000 at which point it increased sharply to a plateau. 


The responses of Group 2 (Investment Managers) had a similarly 
shaped function; however, the minimum point fell within the wealth 


classes $100,000 to $150,000. 


The responses of Group 3 (Undergraduate students) indicated 
a function which was relatively constant between wealth classes 


$50,000 to $250,000. 


The responses of Group 4 (Professors) indicated a function 


similar to the function of the Gordon, Paradis and Rorke study group. 


To test the strength of the general shape of the functions 


representing each participant group, graphs were drawn for each 
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gamble and for each participant group. The results tended to support 
the general shapes of the functions for all groups except the invest- 


ment managers where the shape of the function varied widely depending 


upon the gamble selected. 


Based upon observation of the graphs, the following 
conclusions were drawn: 

(a) Undergraduates (Group 3) exhibited significantly 
different behavior to the other participant groups in their responses 
to the investment game based on the following criterion. 

(a) slope of the function. 

(b) relative magnitude of G/W-C versus other groups. 

(c) lack of sensitivity of G/W-C relationship to 
alternate gambles. 

(ii) MBA students (Group 1) exhibited Sana nile 
different behavior to Groups 3 and 4 in their responses to the invest- 
ment game based on the following criterion. 

(a) Slope and shape of the function. 


(b) relative magnitude of G/W-C versus other groups. 


(iii) Professors (Group 4) exhibited significantly different 


behavior to Groups 3 and 1 as outlined above. 


(iv) Investment Managers (Group 2) exhibited significant- 


ly different behavior to Group 3 as outlined above. 


Alternate Utility Function Analysis 
The analysis of alternative utility functions involved 


attempting to fit the raw data generated from the game into the 
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alternate functions utilizing a process of least Squares regression 
analysis. The frame work established within the Gordon, Paradis and 
Rorke study was closely adhered to. The five functions (Quadratic, 
Bernoulli, Logarithmic, Power, Exponential and Logarithmic plus a 
constant) were analyzed to determine their predictive power and to 
determine whether significant differences in the functions were 


evident for the various participant groups. 


1. The Quadratic Function 

There are two hypotheses relating to quadratic functions. 
The most common of the two hypotheses is that utility is a quadratic 
function of an investor's wealth. With future wealth uncertain the 


expected value of utility is: 


E(U) = Wt o/2 We 
E(U) = ZpiWj + a/2 rpgnj? 
Where pj = the probability that future wealth will 
be Wj 
Wj > LG(Rj-1) for any profitable gamble. 


a risk preference parameter and constrained 


by 0 > nS (-1/W) 


Taking the first derivative of the resulting expression 
with respect to G and setting it equal to zero, E(U) is maximized by 


the see ements 


ecm Gig e 


G* = R-1 - (R-1) W 
V 


Where R = expected value of gamble's payoff. 


V = variance of the gamble 


-cordon, M.J, Paradis, and Rorke Op. Cit. p. hits 


te © ra Shieh ie DEAjiw Galette ead Yet 

ee - nw oi rablago' wit? olf se 1» tae fas y ane : 

- ss g éinelettatany Pee rersereny) ee ee ; 
» am, aed ie Bre s00e) atari OF nthe ees (hen Pr 


‘ a > 4 : 2 ‘ @ VPA 9 “pas » wl 
| la ae 
7 ° 
-_ 
? 
7 7 (i ; 
- 
- , 
ae é %4 ey 
‘7 ; ; 
ov 
sas ¥ 
ai) ina “se ish. 7 U 


— 7 
2 ‘Pe ia & hy 


46 


The second hypothesis states that investor behavior is 
described by a utility function which is quadratic in the rate of 
return on the investor's wealth. 

E(U) = Spjrj + o/2 spiri° 

Where pj = the probability that the rate of return on 
the investment is rj 
rj = Z G(Rj-1)/W for any profitable 


gamble. 


Proceeding as previously, E(y) is maximized by the investment .° 
G =- (R-1) W 
Assuming that all participants within the individual groups 


had the same value for a, the hypotheses were both tested by the 


regression. 
G/Q= 8 +8 (W-C) 
Where Q = R-1 for the gamble selected. 
Ay 
C = Consumption prior to the investment decision. 


1 = .210 for gamble one 
QW = .275 for gamble two 
Q3 = .230 for gamble three 


QI = ,250 for gamble four 


The results of the regression analysis are summarized in 


Table 4-3. 


The R-squared coefficients for the regression analysis of 


the Quadratic function gave modest support for its predictive power 
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for all the participant groups excepting that group comprised of 
professors. These results are of interest in that no Support was 


‘dound for the Quadratic function in the Gordon, Paradis and Rorke study. 


2. The Bernoulli Logarithmic Function And Power Function 
The Bernoulli logarithmic function states that the expected 


value of utility is a logarithmic function of an investor's wealth. 
E(U) = In (W) 
pj lnwWj 


mM 
— 
ce 
Ww 
iT] 


Where pj = the probability the future wealth is Wj. 


WJ 


rG(Rj-1) for any profitable gamble. 


Proceeding as before, E(U) is maximized by the invest- 
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-(Rr-1) (Rb-1) 


Where Rr and Rb are the two possible payoffs. 


The Bernoulli logarithmic function is a special case of the 


Power function of the form. 


E(U) = we 
neat 
E(U) = ZpJgWj 
Where pj = the probability that future wealth is Wj 


je eG Ried for any profitable gamble. 
6 = arisk preference parameter constrained by 


Ores. 1.0 for risk aversion. 
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Proceeding as before, E(U) is maximized by the investment. 


1 


Pb (1-Rb) 7-6 
Grats Prep asthrel) 1 
1-Rb) + ne DT Ps Z to fee 


Pr(Rr- 5 
With 6§ = 0, the expression is similar to that for the 
Logarithmic function. The Power function was tested for values of 8 


Of 0.2, 074.°0°6 and 0:8 by the regression, 


Cee eee ik) 


Where X = pe [este ay 20 
Pr(Rr-1) 
1-Rb) + (Rr-1) | Pb(1- Bee tee 
Pr(Rr-1)} — 


Xy 825 1.042 bogs 20061 e s6a/ 
Xo 667 835 ed TES, tie6sb5 227 19 
Xo n/a fo0 ~465 667 1.207 
Xa soy) 462 £593 ./81 976 


The Logarithmic function was tested by setting § = 0.0. 


The results are summarized in Table 4-4. 


The R-squared coefficients for both the Logarithmic and 
Power functions showed no strength for the predictive ability of the 
functions for any of the groups tested. Modest support was found 
for the predictive power of the power function at 6= 0.6 for the 


test group comprised of professors. 
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3. The Exponential Function 


The Exponential function, which was not written up in the 
Gordon, Paradis and Rorke published paper, implies that the expected 


value of utility is exponentially related to an investor's wealth. 
We 
E(Uecwel-ent~ 


= 

= 
ia?) 
= 
D 
1) 
qo 
iT] 


the probability that future wealth will be 
Wj = x G(Rj-1) for any profitable gamble. 


C= positive constant. 


Proceeding as described previously, E(U) is maximized 


by the investment. 


eS ee alae ets 
Rb-Rr Rr-1 


Where Rb and Rr are the two possible payoffs. 


The hypothesis that the Exponential function would have a 
high degree of predictive power for the participant groups was tested 


by the regression. 


Gz= 8s eer RV) 
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Vy =) .016 forsgamble:one, 
Vo = .638 for gamble two. 
V3 = .2/é for gamble three, 


Va =. |63 for gamble four. 


The results of the regression analysis are summarized 


in Table 4-3. 


The R-squared coefficients indicate no support for the 
Exponential function as predictive of investor behavior for any of the 
participant groups. This finding is of interest in that Gordon, 


Paradis and Rorke found weak support for the function. 


4, The Logarithmic Function of Wealth Plus a Constant 
The Logarithmic function of wealth plus a constant is 
related to the Bernoulli function and has some intuitive appeal in 


view of the Pratt implications of the functions. 
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Where k is ome arbitrary constant. 


Proceeding as with the Bernoulli function E(U) is 


6 
maximized by the investment. 


G* = (k + W) (2-Rb-Rr) 


G = 

sine k + W 

Where Z =  (2-Rb-Rr) 
?(Rr-1)(Rb-1) 
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The hypothesis that the Logarithmic function plus a 
constant would have a high degree of predictive power for the partici- 


pant groups was tested by the regression. 


G/Z = B are ate) 


Where ly = .833 for gamble one. 
Lo = .667 for gamble two. 
Ly = .278 for gamble three 
Za = .16/7 for gamble four. 


The results of the regression analysis are summarized in 


Table 4-3. 


The R-squared coefficients indicate strong support for the 
Logarithmic function of wealth plus a constant as predictive of investor 
behavior for all participant groups. The findings lend strength to 


the support found for the function by Gordon, Paradis and Rorke. 


5. Comparison of Participant Group Responses to Individual Functions. 
The regression coefficients of the Quadratic and Logarithmic 
function plus a constant were analyzed to determine whether 
there were significant differences between the control group and 
the test group for each function. Differences in the coefficients 
reflect differences in the characteristics of the functions and thus 
differences in behavior. The details of analysis are as follows: 
(a) Null Hypothesis 
Ho: There is no difference between the characteristics of 
the utility functions for the control group and the test group for 


each alternate function tested. 
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Table 4-3 
ALTERNATE UTILITY FUNCTION ANALYSIS 
FUNCTION QUADRATIC EXPONENTIAL LOGARITHMIC 
PARTICIPANT PLUS CONSTANT 
GROUP B 8B 
0 1 


Gordon, Paradis and Rorke 


(7) Mean 83,210 692 82126 606 
(ii) Standard error 8,365 .049 

MBA's 

(i) Mean 49,205 3.058 76.86 108.35) -184,857 3.118 
(i) Standard error 58,648 . 268 24.15 43.51 47.982. e235) 
(Tier -4685 0391 ee ey 


Investment Managers 


(a) Mean 41,507 1.981 76413 347131=175,096 22726 
C17) Standard error 48 ,428 ~210 20251 54 Odea s0 150) vial 
Ciiayee . 5039 .0070 .8337 
Undergraduates 

(i) Mean -172,880 2.466 78.14  =50,64|-139-412 2.142 
(ii) Standard error 29,002 .126 14.34 34.08}: 25.061 .109 
(iii) p2 NODSZ 0059 6555 
Professors 

(i) Mean WOW ASee) 1.493 O57) 2 136590 28.3601 Ay 
(ii) Standard error 49,292 361 1s? 20. 30)014.380" 2105 


(iii) R2 i536 -3332 (5566 
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Table 4-4 
ALTERNATE UTILITY FUNCTION ANALYSIS 
FUNCTION BERNOULLI POWER 
PARTICIPANT LOGARITHMIC Gace a = .4 a = .6 
GROUP 
B B B B B B BH B 

Gordon, Paradis and Rorke 
(i) Mean = 106. 1g815.,-1504s 12445104. 1 20edre” Or 735 
(ii) Standard error 
MBA's 
(i) Mean e167" "1.093 168. 2870" "2180 6412 Voge eaeg 
Cit) Standard error 2 oes cell Aa ae 8 6) oad leg | SN A/a tellus ee SiE 
(a inaR . 1680 -1705 LAS .1784 
Investment Managers 
(i) Mean “037 1.031) =.021 7.899) y= s0038" L656n (029m 430 
(ii) Standard error who6 SeaDoo RYAe .139 14050. 130 9094 
(447) pe : . 1686 ele07 . 1826 | . 1875 
Undergraduates 
(i) Mean sAGAe 259" 095 e090) ehh gee Ale Ale 084 
(ii) Standard error 6395 92085" |.5044:5 074 110435 e054 e049 
(iat ep] .0394 .0300 sO277, -O2t2 
Professors 
(i) Mean =,090 1.281] }=:144 1.086|-.125 .796} .030 .345 

17 d POSS PAG = 0Se err oe 08s ee 0oo 2 05° 032 
ee ue a ~4590 .4785 .4871 677 
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Hy: The characteristics of each alternate function are 


different for the two groups. 


(b) Statistical Test! 


The x? approximation of the Fisher test was utilized as 
the regression coefficients as well as their standard errors were 


available from the data generated from the "ECON" program. 


~ 
Des A= OG : 
1 t=1 Dit! >it! 
= 
a oats 
t=1 
i 2 
= yy é ms, * 
: " ee) Y= x? d.f. = T-1 
t=1 
Sec 
it 
Where bey = regression coefficients 
Sit = standard error of coefficients 


The regression coefficients and standard errors are summariz- 


ed in Table 4-3. 


(c) Significance Level 
Due to the small sample sizes involved in the study a 


significance level of twenty percent was chosen. 


(d) Region of Rejection 
The region of rejection consists of all values of x? 
which are so large that the probability associated with their 


occurrence is equal to or less thana= .20. Table C in Siegel indicates 
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(e) Decision 
(i) Quadratic Function 
The Gordon, Paradis and Rorke group was utilized as the control 
group in this case. 
1. MBA's versus Gordon, Paradis and Rorke 


y= 37 x2 = 66.51 
B B 


0 1 
2. Investment Managers versus Gordon, Paradis and Rorke 


Ne. = .]2 x? = 31.90 
8 g 


0 ° 1 
3. Undergraduates versus Gordon, Paradis and Rorke 


x? = 71.98 ye SrAgsa10 
B B 


0 1 


4. Professors versus Gordon, Paradis and Rorke 


x? = 55 a = 5,84 
B B 


0 1 


The characteristics of the utility functions of the 
participant groups were difference from the control group of Gordon, 


Paradis and Rorke. 


(ii) Logarithmic plus a Constant Function 
The MBA group was utilized as the control group. 
1. Investment Managers versus MBA's 


x? = .03 Nos, Genes 


B B 


0 1 
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2. Undergraduates versus MBA's 


Xe = ,720 x? 14.58 
8 B 


0 1 


3. Professors versus MBA's 


x = 18.58 x" aya 
B B 


0 at 
The characteristics of the utility functions of the test 
groups were different from the control group; however, investment 


managers exhibited regression coefficients similar to the MBA's. 
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CHAPTER V 
CONCLUSIONS 


The primary purpose of the thesis was to provide a 
pilot study for further research into the implications of experi- 
mental research in the formulation and testing of alternate port- 
folio decisions rules. The thesis was a direct but independent 
extension of the Gordon, Paradis and Rorke paper cited earlier. The 
function of the study was to provide information on the effects of the 
addition of distinct participant groups into the framework of the 


Gordon study. 


The following represents a summation and conclusion of the 
results as they relate to the purpose of the thesis outlined in 
Chapter I. 

1. In replicating the Gordon, Paradis and Rorke study the 
basic findings relating to alternate utility function analysis was 
supported. The strength of the predictive power of the Logarithmic 
of Wealth plus a constant function was supported lending credence to 


the universality of its use in predicting investor behavior. 


Several deviations were observed in the behavior of the 
participant groups as opposed to the Gordon, Paradis and Rorke group. 
These differences were reflected in the choices of gamble selected 
and the general character of the relationship G/W-C versus W-C. 

The participants of the Gordon, Paradis and Rorke group selected 


gamble two a significantly higher percentage of the time than the 


5/7 


7, ovary OF Bhu) 


vend oy we 


_ 
» hot hh 
yah Aig ana nPai an aia aha “we = sao 


_ 


7 Se ae — 
ce i a | a wes > etree = - erase - 
cael sivt ay 
p aS . Eee # al wes 
Dan Caae’ 7 
‘ av? s ef one : rd gx i>? ” 7 7 
7 T a afr oe Pile some & 
> = s a5 wuaLe _ _ 
: ot , ine Ae ae b% 7 
- - s 
é Ste 7 ‘ 7 2 wd os a é 
ls ‘ 
7 : : 
- is wip 9 . ss 7 eo ee a 
| AC gat) 
: > oa) 7 
‘Y el | ahi oka 
| - wae 
Te (HN oma ws pen _ 
- Pat. - — 
A (a aa : a | & =a ew i . Stil 
: ad : 7 7 _ - 
: ' 7 ; vat iP tet a | 4a) 
a -_ a 
- nd ball 2 s@hapya) gry -ste : 
oa 7 7 a 
— a 
eth, esl hap oo hina sen em 
_ 7 ee, —_ 7 
= com = a -. Smt ew a 7 we 
: * 7 ad -_ . 
on oe — 


asd) ve seiten 


9 sg - 


58 


groups in this thesis. The general character of the relationship of 
investment decision to wealth level was not consistent with the 


findings of Gordon, Paradis and Rorke. 


2. (i) The hypothesis that the behavior of the test groups and 
the control group would be significantly different in their responses 
to the investment game was supported. It has been shown that the 
responses of the investment managers in their choices of gamble differed 


significantly from the MBA students. 


It has also been shown that the general nature of the 
relationship of investment decision to wealth level varied significant- 
ly amongst the participant groups. Undergraduates exhibited unique 
relationship in comparison to all other groups. MBA students 
exhibited a unique relationship in comparison to undergraduates and 
professors. Conversely professors exhibited a unique relationship in 
comparison to undergraduates and MBA's. Investment managers exhibited 


a unique relationship in comparison to undergraduates. 


2. (ii) The hypothesis that the utility functions of the 
participant groups would be significantly different was supported. In 
the analysis of regression coefficients of the Logarithmic plus a 
constant utility function undergraduates and professors were found 
to exhibit significantly different behavior in comparison to MBA's. 
Investment managers did not exhibit significantly different behavior. 
These conclusions lend support to the graphical presentations which 


indicated similar behavior in investment decisions between the 


investment managers and MBA's. 
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Mihesresti ts of the thesis: recognizing the limitations 
on statistical significance, might be generalized as follows. It is 
clear that significant differences in behavior exist between unique 
participant groups in relation to their investment decisions at 
distinct levels of wealth. Regardless of these differences, the utility 
function based upon Logarithmic of wealth plus a constant precepts 
provided the best description of actual behavior for all participant 


groups of the functions tested. 
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APPENDIX A - INVESTMENT GAME 


Faculty of Business Administration 
And Commerce 
The University of Alberta 
Edmonton 7, Canada 


March, 1971 


Dear Sir: 


I would like to request your assistance for a study which 
I am undertaking about the characteristics of professional investment 
decisions. The study is a portion of a thesis for a Master of 
Business Administration degree at the University of Alberta. 


In an attempt to obtain information on the nature of invest- 
ment decisions, I have devised an investment game which I hope you will 
participate in. In order to draw meaningful conclusions, I have also 
given the game to a group of students to determine how their decisions 
differ from those of professional investors. 


The object of the study is not to evaluate the results on 
the basis of winning or losing, but rather to evaluate the results in 
terms of how the types of decisions of the two groups differ. 
Obviously, the game is too naive to measure any type of performance. 


When the results have been obtained and tabulated, I will 
forward a copy to all the participants. I hope you will find the 
game and the results interesting and possibly useful. One reason for 
making the game simple was to minimize the amount of your time which 
is required. Should you find it too time consuming, please return 
the portion completed as it will still be of use to the study. I 
would only ask that you play the game honestly and attempt to measure 
your decisions as if real money was involved. 


Space has been provided at the end of the game for any 
comments which you might have on your strategy in playing the game. 
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As I have a limited number of participants, your co- 
operation in this study will be greatly appreciated. Please complete 
the game and return it at your convenience, although I would like to 
have the results no later than March 30, 1971. I have enclosed an 
anonymous self-addressed envelope for your use. 


Thank you in advance for your participation. 


Yours sincerely, 


Ralph B. Young 


Encl: 


P.S. Should you have any problems, please feel free to contact me 
at 432-5778 during the day. 
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The Game - Instructions and Information 


The game involves making decisions over eleven imaginery 
years. During this period you are expected to make a series of 
decisions about spending and investing. The object is to try to 
achieve a desirable balance between your aspired living style and a 
financial position through the accumulation of wealth. The following 
points should outline how to participate in the game: 
1. You start the game with an imaginery $150,000. This is the 
only income you will receive other than possible earnings from invest- 
ments or possible welfare payments. 
2. Decisions are made for one period at a time. At the begin- 
ning of the first year, you must first decide how much of your 
$150,000 to consume. You have three choices: 
(i) $5,000 consumption - a modest living 
(ii) $10,000 consumption - a confortable living 
(iii) $20,000 consumption - an affluent living 
3. The remainder of your initial $150,000 can be either held in 
cash, or committed to any one of the following investment alternatives. 
Investment Outcomes 
oF even chance of winning either $.80 or $1.30 on each dollar invested. 
even chance of winning either $.70 or $1.50 on each dollar invested. 
even chance of winning either $.40 or $1.90 on each dollar invested. 


even chance of winning either 0 or $2.50 on each dollar invested. 


on FPF Ww PP 


one chance in 200 of receiving $100.00 or 199 chances out of 200 
of receiving nothing on each dollar invested. 
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The alternatives are listed in terms of annual return per 
dollar played. For example, if you Invest $50,000 in investment no. lA 
your investment will either grow to 1.30 x 50,000 = 65,000 or shrink 
to .80 x 50,000 = 40,000 by the end of the year. Following the first 
year the types of decisions remain the same, but your wealth becomes 
the wealth of the preceding year. 

4. Once you have decided how much to invest and in which alterna- 
tive you would like to invest, the outcome can be determined in the 
following manner: 

(i) for any investment in nos. 1, 2, 3 or 4 lift off one 
of the tabs under the title "outcomes". If the letter "R" appears, 
your return is the higher oe the two possibilities. If "B" appears 
your investment has been relatively unsuccessful and your return 
is the lower of the two possibilities. 

(ii) for any investment in no. 5, pick a number between 0 
and 200, and write it beneath the tab entitled "Lottery". Then lift 
the tab and if the numbers correspond your return is $100 per dollar 
invested. If the numbers don't correspond you lose the whole 


investment. 


5. You can invest more money than you presently have, by borrow- 
ing at an interest free rate. This is accomplished by simply writing 
the amount you would like to borrow in the appropriate blank and 


repaying it as soon as your investment outcome has been determined. 


There is one limit to borrowing: you must be sure that you 
do not go into debt by not being able to repay the loan. We 


determine the maximum amount that can be borrowed for any particular 
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investment, you can calculate the maximum loan 


i 


Maximum Max imum wealth the lower value of the lower value of 
loan = available for x the two possible + the two possible 
investment outcomes outcomes 


For example, suppose that in year 1, you consumed $10,000; 
you would then have a maximum of $140,000 left for investment. Suppose 
you wanted to invest in investment 3, but felt that you might wish to 


invest more than $140,000. The maximum loan which you could obtain 


would be: 
Max. loan = $140,000 x .40 + (1-.40) 
= $ 56,000 = .60 
= $ 93,333 


6. When you have completed the play for one year, you can 
identify your wealth at the beginning of the next year by summing the 
values on the calculation sheet using the signs which are indicated. 
See the example calculation sheet provided. 

7. It is apparent that depending on your decisions and your luck, 
you could become very wealthy or possibly very poor. As in the real 
world this game contains some special provisions for the poor. 

(i) if your wealth falls below $5,000 but above $3,300; 
you may get along by consuming only $3,000 in that period. 
(ii) if your wealth falls below $3,300; you are given a 
welfare payment to bring you up to $3,300. Of this 
you must consume $3,000 and have $300 for possible 
investment. 
8. The number of periods involved in the game is arbitrary; thus 


you should play the game as though it might continue beyond the eleventh 


period. 
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The Game - Sample Calculation 


Period I 
ie Initial Wealth (N) 
(ap Welfare Payment 
(0 to 3300) 
te Consumption 


(220005 ,000, 0,000. 20-000) 


4. Investment Number 
(nme moe oe N11) 


oe Borrow 

Max. Loan = NxB 

1-B 
Ge Size of Investment 
les Investment Outcome 
Outcome Lottery 
om R 194 

~4 x 50,000 = 20,000 
oo Return Amount Borrowed 
9, New Wealth (N) 


(Carry Fwd. to Current Wealth 
Next Period) 
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150,000 


NIL 


50,000 


20,000 


NIL 


110,000 
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The Game - Calculation Sheet 


Period I 
le Initial Wealth (N) 150,000 
ral Welfare Payment 
(0 to 3300) + 
a: Consumption 


(3,000 5,000 10,000 20,000) = 


4, Investment Number 
Giepeuedeed. bon) 


De Borrow 
Max. Loan = NxB + 
1-B 
6. Size of Investment - 
Ae Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
+ 
8. Return Amount Borrowed - 
9. New Wealth (N) a 


(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 2 
ie Current Wealth (N) 
2. Welfare Payment 
(0 to 3300) 
on Consumption 


(3,000 5,000 10,000 20,000) 


4, Investment Number 
(ie oasis soe Na) 


Lo Borrow 
Max. loan = NxB 
1-B 
6. Size of Investment 
pe Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
oe Return Amount Borrowed 
9, New Wealth (N) 


(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 3 
Ne Current Wealth (N) 
fale Welfare Payment 
(0 to 3300) 
3 Consumption 


(3,000 5,000 10,000 20,000) 


ae Investment Number 
Cl eee 4.50 NG) 


ae Borrow 
Max. Loan = NxB 
1-B 
Ge Size of Invesmtnet 
the Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
8. Return Amount Borrowed 
9. New Wealth (N) 


(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 4 
ie Current Wealth (N) 
2: Welfare Payment 
(0 to 3300) 
3% Consumption 


(3,000 5,000 10,000 20,000) 


Ay Investment Number 
Glig- Zea ae Nil) 


Bs Borrow 
Max. Loan = NxB 
1-B 
6% Size of Investment 
fe Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 


oe Return Amount Borrowed 


9, New Wealth (N) 
(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 5 
iN Current Wealth (N) + 
vibe Welfare Payment 

(0 to 3300) + 
ce Consumption 


(3,000 5,000 10,000 20,000) - 


4. Investment Number 
(ieee nosed NT) 


ae Borrow 
Max. Loan = NxB + 
1-B 
6. Size of Investment - 
Hh Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
+ 
8. Return Amount Borrowed - 
9. New Wealth (N) " 


(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 6 
lz Current Wealth (N) 
ee Welfare Payment 
(0 to 3300) 
i Consumption 


(3,000 5,000 10,000 20,000) 


Ag Investment Number 
ieee eae Seana) 


oe Borrow 
Max. Loan = NxB 
1-B 
Ge Size of Investment 
We Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 


Ge Return Amount Borrowed 


9. New Wealth (N) 
(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 7 
lie Current Wealth (N) 
2. Welfare Payment 
(0 to 3300) 
ae Consumption 


(3,000 5,000 10,000 20,000) 


4, Investment Number 
Cees eames Na) 


5 Borrow 
Max. Loan = NxB 
1-B 
6. Size of Investment 
ie Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 


S. Return Amount Borrowed 


9. New Wealth (N) 
(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 8 
ie Current Wealth (N) + 
(ae Welfare Payment 

(0 to 3300) + 
Se Consumption 


(3,000 5,000 10,000 20,000) - 


4, Investment Number 
Cha, 2e-3) 45 Sania) 


ne Borrow 
Max. Loan = NxB + 
1-B 
6. Size of Investment a 
v3 Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
+ 
& Return Amount Borrowed - 
9. New Wealth (N) in 


(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 9 
is Current Wealth (N) 
(og Welfare Payment 
(0 to 3300) 
OF Consumption 


(3,000 5,000 10,000 20,000) 


4. Investment Number 
Glee oe 4 Seo Na 


5. Borrow 
Nax. Loan = NxB 
1-B 
6. Size of Investment 
Tee Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
8. Return Amount Borrowed 
9. New Wealth (N) 


(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 10 


Te Current Wealth (N) 


Le Welfare Payment 
(0 to 3300) 


3: Consumption 
(3,000 5,000 10,000 20,000) 


4, Investment Number 
Gloss 4s oe NAP) 


oe Borrow 
Max. Loan = NxB 
1-B 
6. Size of Investment 
ie Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 


8. Return Amount Borrowed 


9. New Wealth (N) 
(Carry Fwd. to Current Wealth 
Next Period) 
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The Game - Calculation Sheet 


Period 11] 
i Current Wealth (N) 
er Welfare Payment 
(0 01-3300) 
ce Consumption 


(3,000 5,000 10,000 20,000) 


4. Investment Number 
(Riche ote, 5 Nag) 


SA Borrow 
Max. Loan = NxB 
1-B 
6. Size of Investment 
ihe Investment Outcome 


(note: remove only one tab per investment) 


Outcome Lottery 
oF Return Amount Borrowed 
9. New Wealth (N) 


(Carry Fwd. to Current Wealth 
Next Period) 
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COMMENTS 


(I would appreciate any comments which you might have 


concerning your strategy during the game.) 
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